Abstract. We present the design of a real-time face detection system and its implementation on a configurable hardware platform. The system works at 30 frames/second, which is the full frame rate of the video camera. A new detection algorithm was developed that is both robust and extremely efficient in hardware. The image is filtered and then passed through a neural-network-like face detector. Only simple operations are required to calculate the result. The detection accuracy achieved is comparable to other methods from the recent literature. The hardware face detection system is approximately 1000 times faster than the same algorithm running in software on a modern processor.
Introduction
Human beings use vision as the primary means for gathering information about and navigating through their surroundings. Providing this same ability to automated systems would be a major step towards having them operate effectively in our world. The branch of vision research that deals with analysis of the human face has attracted particular attention over the last decade. Two active areas of automated vision research are face recognition and expression analysis. Before these methods can operate in open environments, however, we first need to be able to reliably distinguish faces from complex backgrounds. This is the task known as face detection: to locate the positions of human faces in an image given the many potential variations in lighting, background and facial appearance. Since face detection is only a first step before recognition and other tasks, it needs to be done particularly quickly.
Most previous research in face detection has focussed on efficient implementations in software, as most vision researches do not have the resources or experience required to build custom hardware. In this paper we develop a highly-parallel real-time hardware implementation of a face detection algorithm on a configurable hardware platform. Configurable hardware provides a fast prototyping environment and allows experimentation not feasible with a custom hardware implementation.
In the following section we give a brief overview of the target hardware system. In Section 3 we describe the face detection algorithm. Section 4 discusses the hardware design and implementation results, and Section 5 concludes.
Hardware Platform: The Transmogrifier-2a
The Transmogrifier-2a [6] is an extensible programmable hardware architecture containing from one to sixteen boards in power-of-two increments. Each board contains two Altera 10K100 FPGAs, 4 ICube FPIDs for inter-chip and inter-board routing, 8 MB of SRAM in 4 independent banks, and other housekeeping and programmable clocking circuitry. Its major uses are as a fast prototyping tool for large hardware designs and as a platform for reconfigurable computing research. In addition, the circuits produced are large enough to provide critical benchmarks for ongoing research into next-generation FPGA architectures. Video input and output cards are attached to I/O connectors on two of the boards. This allows the image data to be read directly from the camera and face detection results to be displayed on an attached monitor with no need for a separate intervening computer. The system clock frequency is set at 12.5 MHz in order to reliably use the off-chip SRAM.
Face Detection Algorithm
A number of widely-varying face detection approaches have been proposed in the literature: principal components templates [1]; neural network classifiers [2] [3]; shape models with local texture descriptors [4] ; and many more. Most of these methods are either inherently serial or require too much hardware to implement. We developed a face detection method that is both robust and efficient in hardware. In this section we first describe the goals of the algorithm, and then give an overview of our approach.
Goals
Our primary goal was to design an robust detection approach that would also be fast and compact when implemented in hardware. This translates into using a small number of simple mathematical operations, and ensuring that these can be performed in parallel with little control circuitry.
Accurate face detection is difficult because of the many possible sources of variation in face appearance. As is common in current face detection methods, to simplify the problem we assume that all faces will be approximately upright and facing the camera. Faces may, however, appear at any location in the image and at nearly any size. There is no limit on the number of faces that may be present. 
